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ABSTRACT

A rapid (one day) method to simultaneously determine ° total’ Plutonium, Uranium,
Thorium and Americium in 3—contaminated environmental water samples was developed
and tested at Brookhaven National Laboratory (BNL) using the PERALS™ (Photon-
Electron-Rejecting-Alpha-Liquid Scintillation } system. The PERALS™, with a 99% o—
detection efficiency, can electronically filter out unwanted B/y signals present in a sample.
Water is processed using a six step procedure designed to sequentially extract 4 actinides
(Pu, Am, U and Th) from a single 400 mL sample. Three commercially avialable organic-
based scintillating solutions, compatible with the PERALS™, were used to extract the 4
actinides from water. Specifically, two successive 2 mL extractions, using ALPHAEX™,
separate Pu from Am under different chemical conditions. The uranium/thorium rich
aqueous Iraction was then processed using two successive 4 mL amounts of THOREX™
and URAEX™ extractive scintillators which extract Th and U, respectively.

The method was first tested using individually spiked tap-waters containing a-emitting
Th-230, Pu-236, Am-243 and U-232. Recoveries for each of the 4 added tracers were

> 95% under pre-defined chemical conditions. The Minimum Detectable Level (MDL) for
a 400 ml, sample counted 30 minutes in a PERALS spectrometer was <1 pCy/L, based
on separate ‘method blank® measurements. Actual BNL sump water samples were collected
in 400 mL glass bottles from the decommissioned Brookhaven Graphite Research Reactor
(BGRR). The samples were filtered, acidified and sptked with about 100 dpm each of Th-
230, Pu-236, Am-243 and U-232 yield- tracers and processed using the tested BNL method.

Because the PERALS™ cannot resolve o energies < 250 keV, some isotopes of uranium, Pu
or thorium could not be individually quantified. The algorithm used to determine total Pu,
Th and U activites in each extracted fraction was to integrate the total number of counts
(cpm) aquired under the combined ‘tracer + actinide-of interest peaks’. This count-rate
was assumed to be representative of the total number of disintegrations per minute (dpm)
in the spiked sample because the PERALS «a-detection effciency is > 99%. For each
counted fraction, the amount of spike added to the original sample (dpm), multiplied by the
method recovery, was subracted from the measured total activity, yielding the net ° total’
activity of the actinide-of-interest. Method recoveries for each of the 4 actinides were
determined from a separatc spiked tap-water sample. Data with 2o uncertainties are
presented for 6 BNL/BGRR water samples measured for total U (1.e., U-234,U-235,U-238),
total Pu (i.c., Pu-238, Pu-239/240), total Th (Th-224, Th228) and Am using the PERALS
method.



Plan for Sequential Extraction of Ra-226 and Actinides
from BGRR Sump Water

Alpha specific nuclide analyses, performed by EPI/GEL Laboratory, Charleston SC
in October 1997, indicated that 3 actinides ( **' Am, #3%23%230pyy 2342332381 1) a5 well as
2%Ra, were present in the BGRR sump water with maximum concentrations less than
200 pCi/L (see below)

Both tri-valent actinides ***Cm and **"Np were not found in the BGRR sump water
( which simplifies the sequential extraction scheme)

The levels of *°Sr/Y and '*’Cs were 10.9 uCi/L and 4.35 uCi/L, respectively.
The presence of beta-emitting *Sr/Y and beta/gamma emitting '’Cs in the BGRR

water poses no problem because the PERALS can reject the unwanted signals from
these radionuclides that may co-extract into the extractive scintillators.



Radionuclides in BNL/BGRR Sump Water

Nuclide | Concentration Concentration
(pCi/L) (pCi/L)
9/18/97 10/3/97

Am-241 30.2+ 15.2 245+ 3.3

Pu- 442 + 14.1 164.0+21.6

239/40 224+ 122 46+ 1.7

Pu-238

U-235 11.0+ 7.2 143+ 2.6

U-234 470+ 15.6 69.1 + 8.1

U-238 56.8 + 16.5 724+ 84

Ra-226 27.5+20.7 ND

Sr-90 10,900,000+ ? ND

Y-90 ¢

Cs-137 4,354,000 + 62,700 ND

Te-99 14,600 + 1,860 ND

H3 41,600 + 18,900 ND

Analyses performed by EPI/GEL using HASL-300 or equivalent methods.




METHOD

A sequential extraction scheme was proposed and tested at BNL on matrix-free water
samples that were spiked with 50-100 dpm amounts of:

Th-230, Pu-236, U-232, Am-243.

These NIST (National Institute of Standards Tehnology) traceable radionuclides were
obtained from Dr. Isabel Fisenne of the Environmental Measurements Laboratory
(EML) and were later used as yield determinants when performing actual analyses on
BNL’s BGRR sump water samples known to contain 2*' Am, ##239240py 2342352381 ]

The EML tracers that were used as yield determinants (i.e., Th-230, Pu-236, U-232,
Am-243) were chosen because their alpha energies were significantly different than
those of the nuclides of interest (See Alpha Energy Table ).

The PERALS has the capability of resolving alpha peak energies that are separated
by at least 0.250 Mev; LSC cannot. Uranium 233,234,235,236 cannot be resolved
by PERALS.

However, as can be seen from the Alpha Energy Table , the difference between a
nuclide of interest and it’s “yield tracer “ alpha energy are suffiently different (except
for Am-213 and 243).



Figure 1
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From McDowell, J.K. and McDowell, B.L., Liquid Scintillation Alpha
Spectromettry, CRC Press, Boca Raton, FL, 1994.
ETRAC is East Tennessee Radiometric and Analytical Chemicals, Inc.

Summary of ETRAC Extractive Scintillators
(Toluene Based with Napthalene and PBBO)

Extractant Structure Recommended Conditions
/H
THOREX Branch Primary Amine R —N SO4; pH 1
H
_R
URAEX Tertiary Amine R N ~ S04; pH 1
0 C,H
l 25
ALPHAEX HDEHP HO P O CH 2 CH NO3; pH 2-3
| |
OH C4H 9

HDEHP = bis-2-ethyl-hexyl phosphoric acid
PBBO = 2-(4'-biphenyl)-6-phenyl benzoxazole




Tracers

Ac | Th | Pa U | Np| Pu| Am| Cm
AW 230 X 232 237 242 243 244
MeV{ 4.7 Beta 5.3 4.8 4.9 5.3 5.8
| Rn-222
' 5.5 MeV
Ra "™ Po
226 Po 218
4.8 -] 6.0
214 :
Pb - 7.7 PO
210 210
Beta Lt 5.3




Figure 4

Extraction Efficiencies for Ra, Pb and Actinides
At Extreme pH's

{1 Sigma Counting Error = 2-4%)
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The BNL Sequential Extraction Scheme

Based on the work of Scarpitta (1995) and Dacheux (1997) , an extraction scheme
was devised (and tested) to sequentially extract Pu, Am, Th, U from a single 400 mL
aqueous sample using each of 4 ETRAC™ extractive scintillators by varying the
conditions of pH and/or acid concentration.

The six step sequential extraction procedure is outlined in Figure 2 and is as
follows:

a). Add 50 - 100 dpm of each yield determinant tracer to a Filtered Sample
Pu(1V), Th(IV), U(VI), Am(III).

b). Reduce Pu(IV) to Pu(Ill) using 1 g/L. Ascorbic acid.

Keeping Pu in the (III) oxidation state will not allow it to extract into the organic
phase of the next step.

¢). Acidify the solution to 0.7N with con. HNO,.
Adjust pH to 1.0 and add 2 mL of ALPHAEX and NaNO; salt. .

The Thorium and Uranuim will extract into the organic phase leaving Pu(IIl) and
Am(IIT) in the aqueous phase.

(d) The aqueous phase is treated separately to separate Pu from Am ( See Fig. 2,
Steps 5 and 6) .

At this point, the organic phase is treated separately to sequentially extract both
Thorium and Uranium as shown in Fig. 2, Steps 3 and 4.

Scarpitta, S.C. and N. Krikorian. Extraction Efficiencies of Ra, Pb, U, Th, Pu, Am,
Cm and Np in Five Commercially Available Extractive Scintillators Using
PERALS™  Proceedings of the 41 Annual Conference of Bioassay, Environmental
and Analytical Radiochemistry, Boston, 1995.

Dacheux, N and J. Auipas. Determination of Uranium, Thorium, Plutonium,
Americium and Curium Ultratraces by PERALS. Anal. Chem. 69:2275-2282;1997.



Figure 2: Sequential BNL Actinide Separation Scheme
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Test of Sequential BNL Separation (Refer to Fig. 2)

Test # BNL Nuclide and PERLAS dpm %
Sep’'n dpm Added observed Yield
Step

Test I.1 3 U-232 + Single Peak

(Jean) URAEX Progeny

11/25/97 65 dpm 61.0 93

Test I.Z2 4 Th-230

(Anette) THCOREX (No Prog)

11/25/97 44 cpm 46.5 1CC3

Test II 3,4 Mix of

Sal/Jean URAEX 61 dpm U-232 56.8 [ U-232) 93.1%

11/26/97 and 58 dpm Th-230 140.5 (Th-230
THOREX + Th-228)

Test III ALPHAEX |41 dpm

(Pu)

I1II.1 l,Ascor |Pu{lV)236 30.3 74%

Pu(Iv)

IIT.2 5,NaN02 [Pu(IIIl)Z36 5.4 13%

Pu(IIT)

IIT.3 Pu(IV)236 24,4 60%

Pu(lVv)




Calculation of Results, Uncertainties and MDL

The general equation to calculate the activity concentration (pCi/L) of a nuclide,
using the PERALS combined with solvent extraction techniques is:

A; (pCi/L) =[CR x V5, x 1000 |+ [ CR,__ 1xV
V.x V. xY, V.. V. x D,

2 ()

where,

A, = Activity of nuclide, pCi/L

C; = Net count-rate for nuclide, 1, of interest (cpm)
1000 = multiplication factor to convert mL to L

D, = Distribution coefficient of nuclide, 1

V., = Volume of aqueous phase, mL

Vor = Volume of total extractive scintillator used, mL

Vaoe = Volume of extractive scintillator counted, mL
V., = Volume of Original Sample, mL
Y, =Yield factor for tracer used (unitless).

In most cases D; > 1000 so that the amount of radionuclide remaining in the
aqueosus phase is negligible. Equation 1 then reduces to:

A (pCi/L) = [ C;x V5 x 1000 ] (2)
222xV_ xV,xY,

The yield (Recovery) , Y}, is determined from:

Y, = [C.xVyx1000] (3)
Voc X Vs X Ta

where T, = Activity of added tracer, dpm and C; = count-rate of tracer



The uncertainty, U(pCi/L) in the reported value is:

U (pCVL) =[ Vorx 1000  ]Ix[s%+s%]1" (4)
222xV_ xV. xY,

where,

S, = standard deviation of the gross count rate, cpm
s, = standard deviation of the background count rate, cpm

The MDL is estimated from the following equation:

MDL (pCi/L) =] 2.71 + 4.65s,] x 1000 V4 (5)
222xV, xV, xTxY,

where,

T = counting time of the sample, min
sy = standard deviation of the background count rate (cpm) when counted for T
minutes

Example of MDL

Assuming a single extraction, a count-time of 30 min, a PERALS alpha-
background of 0.01 cpm,

then an MDL (see Eq. 5) of 0.2 pCi/L can be achieved when:

Vor/Voe =2/1.5=1.33
V,=3500 mL and
YJ = 0.99
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PERALS™ DATA SUMMARY -1
Gross-Alpha (Ra + Actinide) Results of BGRR Sump-Water

A. Gross—AlPha Results (Samples were Not spiked with yield tracers)

Using Th230 +U232 4+ Pu236

ASL Sample ID Analysis | Gross Alpha Result (*) u
Date (pCi/L)
C97-12-10-09/01 12/2/97 Th(IV)+Ra(I)+ U(YD+Pu(tv) = 238 + 10%
(First Sample) PWII = NA
Z = 238 pCi/L + 10%
C97-12-02-11/02 12/2/97 Th(IV)+Ra(ll)+ UV + Puiv) = 172 + 10%
(Neutron Alarm) Pully = 90 + 10%
X = 262 pCi/L + 10%
Spiked Blank(#) 122197 Composite Yield = 86.5% 3%

*Samples Analyzed using ALPHAEX without Added Tracer. The re

of the Spiked Blank sample.

#Pu-236, Th-230 and U-232 Tracers added to D.1. water and processed separately for Yield and QA purposes.

ported Results were adjusted by the yield recovery

Pu(il) was determined by re-extracting aqueous sample using ALPHAEX under different chemical conditions
NA means Not Analyzed, U is the estimated Uncertainty in reperted result,

B. Gross-Alpha Results : Glass vs Plastic Bottles (L-Dups)

Using Th230 +U232 +Pul36

ASL Sample ID Analysis | Gross Alpha Result(*) u
Date (pCi/L)
C97-12-03-16/01P | 12/3/97 THIVY+Ra(D+ UV +Pulv) = 93 + 10%
Pudlly = 23 + 10%
Y = 116 pCi/L |+ 10%
C97-12-03-16/01G | 12/3/97 Th(IV)+Ra(I)+U(YD+PudV) = 83 + 10%
Pully= 18 + 10%
% = 101 pci/L |+ 10%
Spiked Blank (#) 12/4/97 Composite Yield =87.7% +3%

*BGRR Samples Analyzed using ALPHAEX without Added Tracer. The reported Results were adjusted by the yield recovery

of the Spiked-Blank sample.

#Pu-236, Th-230 and U-232 Tracers added to D.1. water and processed separately for Yield and QA purposes.

Pu(lil} was determined by re-extracting aqueous sample with ALPHAEX under different chemical conditions.
U is the estimated Unceriainty in reported result.



PERALS™ DATA SUMMARY - II

Nuclide-Specific Actinide Results of BGRR Sump-Water
(All Samples Spiked with 100 dpm each of Pu-236, Am-243, U-232 and Th-230)

A. Base-Line Sump Sample (Beginning of Pumping)

ASL Sample ID Analysis Date Result (pCi/L) Uncertainty
97-12-02-08/02 12/8/97 Pu,, = 140 £25%
v Am/Ra = 126 4 25%
Uy, = 3 +25%
Thy, = 5 +25%
=274 + 25%

B. Neutron-Alarm Sump Sample (Pumping Stopped)

ASL Sample ID | Analysis Date Result (pCi/L) Uncertainty

€97-12-02-11/01 12/8/97 Pur, = 160 +25%
" Am/Ra = 84 +25%

U = 6 £ 25%

Thy, = 33 X 25%

I =283 + 25%

C. Restart of Pumping Sump Sample

ASL Sample ID | Analysis Date Result (pCi/L) Uncertainty
C97-12-10-09/01 12/11/97 Pu,, = 164 £25%
- Am/Ra = <2* +25%
" Uy, = 48 +25%
Thy, = 26 +25%
" " 5 =238 + 25%

(*) means Am was not effectively extracted and result was MDL.

D. Spiked D.I. Blank

Sample ID Analysis Date | % Recovery of MDL
Added Tracer (pCi/L)

Spiked Blank 12/12/97 Pu-236 = 88.3 4+ 3% 2.0

" " Am-243 = 96.7 + 3% 2.0

" " U212 =924+ 3% 30

" " Th-230 = 82.0 + 3% 3.0

Tracers added to D.I. waler and processed separately for QA and Yield purpases.
MDLs for U and Th are 3.0 because of larger volume of extractive scintillator used.
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